The authors reply: To the Editor:
reasons. Although apparent false-positive scans are uncommon (occurring in only three of 23 scintigraphically abnormal sites in our series of patients with carotid atherosclerosis),1 it would be desirable to minimize their occurrence. However, finding a focus of increased activity on a blood pool image that corresponds to a focal abnormality on an indium-111 platelet scintigram does not indicate the absence of abnormal platelet deposition. Thrombi certainly occur in areas of vascular dilatation (such as abdominal aortic aneurysms) or may be actively incorporating red cells as well as platelets at the time of imaging (such as at a fresh arterial puncture site). In either case, the blood pool image may show increased activity at the site of thrombosis.
A more logical approach to this problem is to image with both indium-l 11 platelets and technetium-99m red cells and to determine if the ratio of indium-l l l platelet activity to technetium-99m red cell activity in any region of interest is greater than the ratio in the circulating blood. An increased ratio reflects excess indium-11l activity due to local platelet accumulation. This double tracer method not only eliminates the false-positive results discussed by Peters and Lavender but, more important, allows the detection of subtler foci of platelet deposition that would otherwise be obscured by background activity from the blood pool. We have used this technique successfully in two animal models to detect intravascular platelet deposition where none was apparent on either routine indium-lll platelet scintigrams or by visual comparison of platelet scintigrams with corresponding technetium-99m red cell images.2 9 We have begun applying this approach to the study of thrombotic disorders in man. 
Minoxidil and Cardiac Lesions
To the Editor:
The paper "Minoxidil: Right Atrial Cardiac Pathology in Animals and Man" by Sobota et al. (Circulation 62: 376, 1980 ) is an inadequate assessment of the potential cardiac toxicity of minoxidil. The authors point out that at least two types of cardiac lesions, involving the right atrium and the left ventricular papillary muscles, are caused by this drug in experimental animals, but they do not present all available information concerning these alterations.
Sobota et al. devote considerable attention to the right atrial lesion, which consists of extravasation of blood, phagocytosis of hemosiderin and formation of new blood vessels and connective tissue. These microscopic changes are accompanied by striking redness of the right atrial appendage. This lesion is claimed to be limited to the beagle dog and to occur when doses of 1 mg/kg or greater of minoxidil are given for at least 1 month. The authors emphasize the species specificity of this lesion to the extent that it seems unlikely that a similar phenomenon could occur in the human or in other species. Some important information regarding these lesions was omitted from this article.' Pathologic changes were observed in right atria of beagle dogs after only two daily doses of minoxidil. These alterations included focal deposits of fibrinoid material in the walls of small right atrial coronary arteries; in addition, multiple foci of small, flame-shaped hemorrhages in epicardium and endocardium were observed in many of the animals.' A further critical factor is that we have also found atrial lesions in miniature pigs given 3 or 10 mg/kg of minoxidil for 2 days. In miniature pigs, the atrial lesions have been found to be predominantly localized in the left atrium, rather than in the right atrium. 2 The pathogenesis of the atrial lesions is not understood. Nevertheless, the localization of these lesions in the left atrium of miniature pigs (which have an anatomic pattern of coronary circulation that differs from that of dogs and is more similar to that of humans) raises serious questions as to whether minoxidil toxicity can be excluded on the basis of a morphologic study of right atrial lesions in human hearts. Detailed studies of both atria are needed to evaluate the potential toxicity of minoxidil.
Other drugs can produce atrial lesions similar to those of minoxidil. For example, a recent report implicates theobromine' as the cause of such lesions in mongrel dogs. These lesions may represent a new, previously unrecognized pathologic and pharmacologic phenomenon that cannot be dismissed as a peculiar, species-specific response of beagle dogs to minoxidil.
Left ventricular papillary muscle lesions constitute the second pathologic change produced in the heart by minoxidil. Sobota et al. acknowledge that this lesion occurs in other species and that it can be induced by other drugs.1 However, their description of this lesion as "cytoplasmic loss in myocardial cells" is a euphemism for myocardial necrosis. The features of this necrosis have been documented.1 Sobota et al. state that there is no convincing evidence that the right auricular or the left papillary muscle lesions found in dogs have occurred in minoxidil-treated humans. Nevertheless, the opposite could also be true, as this is strictly a matter of interpretation of anatomic findings. Sobota et al. found lesions that could be ascribed to the drug. For example, they reported that the "only changes seen in autopsied cases were an extension of a left ventricular wall infarction to the left papillary muscle and, in some patients, focal fibrosis." This focal fibrosis could have been a consequence of healing of drug-induced myocardial necrosiss occurring early in the course of therapy. Temporary worsening of electrocardiographic patterns has been observed at the beginning of minoxidil therapy.68 We conclude that the atrial lesions produced by minoxidil are not limited to beagle dogs, or to the right atrium; that the ventricular papillary muscle lesions are characterized by myocardial necrosis with contraction bands rather than by "cytoplasmic loss;" and that the published studies of human hearts do not exclude the possibility of minoxidil-induced cardiotoxicity. EUGENE To the Editor:
The paper by Herman et al.' was published during the revision analysis of our paper, and therefore was not included in our bibliography. That paper deals with very acute changes, whereas our paper examined subchronic and chronic histopathologic changes. No relationship has been demonstrated between the acute and the more chronic changes, to our knowledge. We believe, and therefore emphasized in our paper, that chronic lesions may have a clinical relevance rather than acute and reversible histologic changes. We have not and do not claim that right atrial lesions are limited to beagle dogs and that they occur only when doses of 1 mg/kg or greater are given for at least 1 month. These were the conditions under which the studies described in published reports were performed.
We were aware, by personal communication, of the observation of grossly visible hemorrhagic lesions involving most of the left atrium of the miniature pig. Such lesions were not seen in our original studies for miniature pigs given 10 mg/kg per day of minoxidil for 1 month. Most recently, a group of 19 farm pigs received 1 mg/kg per day of minoxidil for 29 days with examination of their heart at study termination. Hemorrhagic lesions were not found in either atrium in this latter group. The attempt of Herman et al. to make the miniature pig observation highly relevant because of the anatomic similarity between the coronary circulations of the pig and man rests on the premise that the pathogenesis is anatomically related; however, they acknowledge that the pathogenesis is not understood. Left papillary muscle lesions were adequately described in our paper. The cytoplasmic loss is an appropriate descriptive term to characterize necrosis in distinction to that characterized by hypercontraction of bands, fragmentation, etc. Focal fibrosis mentioned in our paper in the left ventricular papillary muscle was seen in three of 13 patients who had been treated with minoxidil for 3 weeks or less at autopsy. We found no necrotic papillary lesions in these patients, other than the case mentioned in our paper, and feel that conclusions about the origin of focal fibrosis in cases treated for longer periods is speculative. If local acute injury produced focal fibrosis, we would have seen a more general presence of this finding in these autopsied patients. In 
